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(54) Laser assemblies 

(57) A single coherent laser output beam is generated by phase locking and adding together a number 
of outputs from smaller laser fibre oscillators. Each smaller laser oscillator comprises an optical fibre 1 
with a laser gain medium 2 inserted therein. The fibre ends are tightly packed together to ensure 
phase locking and to provide an optically polished face on to which a dielectric laser mirror 4, 5 is 
deposited one of said faces acting as an output aperture for the beam. The invention uses a computer 
to switch the laser gain medium of the sub-oscillators on and off and this switching process can be 
used to generate patterns of the output aperture of the system. 

The invention is useful as a compact source of laser beam energy for use in industry, medicine, 
commerce and defence. 
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SPECIFICATION 



Field of the invention 



5 This invention relates to a scalable laser oscil- 
lator system for generating a single laser out- 
put beam by adding together the phased- 
locked output beams of a large number of 
smaller laser oscillators, said system consist- 
1 0 ing of two mirrors defining the resonator 
cavity, arrays of lasers located between said 
mirrors, each one of said lasers being electri- 
cally connected to a power supply and opti- 
cally coupled via precision optical components 
to the whole or part of a layer of coherently 
packed, single mode, single polarisation, opti- 
cal fibres whose other ends are compacted 
into optically polished ends of the fibre 
bundles facing their respective mirrors. 

The invention combines the output of a 
plurality of smaller laser oscillators, each one 
of which is composed of two mirrors, two 
lengths of single mode, single polarisation 
optical fibres and a laser gain medium all 
25 coupled together via precision optical compo- 
nents, into a single laser oscillator of much 
larger dimensions, which is scalable depend- 
ing on the number of the smaller individual 
oscillators used. In this way a very powerful 
laser oscillator output beam can be generated 
from a composite oscillator which has applica- 
tions in industry, defence, medicine, com- 
merce and entertainment fields. 
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PRIOR ART 

Prior art laser oscillators produce a single 
output beam from a single active medium and 
were not scalable to high power levels. 



BACKGROUND OF THE INVENTION 

Since the advent of the laser in 1 960, 
efforts to scale particular laser oscillators have 
failed to realise high power outputs over aper- 
tures in excess of about BOcms in diameter. 
45 The reasons for this limitation are complex but 
can be summarised as being either due to the 
inability to excite increasingly large laser gain 
medium volumes or due to the onset of para- 
sitic oscillations within the expanded laser 
50 oscillator cavity which depletes the stored 

energy that would otherwise be used to gener- 
ate the laser beam. Adding the output of 
individual laser oscillators to produce scalable 
laser output beams does not improve matters 
55 unless the scaled output laser output beams 
does not improve matters unless the scaled 
output laser beam is actually a single laser 
beam in its own right. The present invention 
achieves this requirement by locking together 
60 the laser beam generating properties of a 
large number of laser oscillators so that their 
combined outputs behave like a single beam 
output. 

Two major problems have to be overcome, 
65 namely, that the polarisation of the sub-oscil- 



lators have to be aligned with respect to each 
other and each of the said sub-oscillators is 
sufficiently close to its neighbour to ensure 
that phase-locking occurs. 

70 In the present invention the alignment of 
the polarisation of the output of the various 
sub-oscillators is achieved via the use of ap- 
propriately stacked, single mode, single polari- 
sation optical fibres whilst the necessary close 

75 packing of the oscillator output apertures is 
achieved via the packing together, coherently, 
of the optically polished ends of each of the 
fibres, into v a composite aperture which be- 
haves as a single beam laser oscillator aper- 

80 ture. 

The lasing medium used to generate the 
laser radiation within the laser sub-oscillators 
can either be electrically or optically excited 
and are inserted into the individual single 
85 mode, single polarisation optical fibres and 
connected to them via appropriate optical 
components for example, lenses, and single 
mode optical fibre connectors. If the lasing 
medium is in the form of a semiconductor, 
90 then the excitation of said medium is via 

direct electrical current. On the other hand, if 
the lasing medium is in the form of doped 
optical fibre or doped crystalline segment, 
then the said laser medium can be optically 
95 excited via arrays of photo emitting diodes or 
miniature flashtubes. If the lasing medium is 
in the form of a gaseous medium within an 
appropriate container, then the excitation 
means can also be in the form of direct 

100 current. 

For a laser oscillator to be scalable, it is 
necessary for the same operating conditions to 
apply for a given small cross-sectional area of 
the lase structure as applies for cross-sectional 

105 areas many orders of magnitude larger. For 
example, the operating properties of a one 
millimetre square area of the output aperture 
must behave in the same manner as an area 
of many tens of square metres if required. In 

110 the present invention, scalability depends only 
on the number of individual sub-oscillators 
that can be added together. 

This can be achieved in two ways, firstly, 
by building tapes of optical fibres and stack- 

115 ing them together to form a coherently packed 
array or by winding the optical fibre onto a 
reel and cutting the wound fibre, again 
achieving a coherently packed fibre array. By 
grouping the fibres together so that each 

1 20 group can be excited from a single laser 

amplifying medium the output for said group 
can be phased locked. By grouping the sub- 
groups together to form a super group of 
fibres, the invention can be scaled indefinitely 

125 whilst maintaining a phased locked output. In 
other words individual fibre laser oscillators 
can be grouped together to form a phased- 
locked single beam output from a composite 
laser oscillator whilst such oscillators can also 

130 be grouped together to form a super group of 
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composite oscillators. Alternatively, the group- 
ing can be dispensed with entirely and the 
fully scaled composite oscillator be formed 
entirely from the ungrouped fibre oscillators. 
5 However, the grouping of the individual fibre 
oscillators during the scaling process allows 
for simpler addition since each group can be 
fully tested before inclusion into a super 
group as the aperture is scaled up. 
10 In general, the closer together the individual 
fibre oscillators are in the final optically pol- 
ished apertures, the more effective will be the 
phase locking process. This means that the 
cladding of the optical fibres used need not be 
1 5 of such large dimensions as in the case for 
the optical fibres used for optical communi- 
cations. In general, the thinner the cladding 

thickness the more the loss in the fibre 

which in the case of the present invention can 
20 contribute to interaction between the laser 
light transmitted within the fibres necessary to 
ensure excellent phase-locking. 

The optically polished end faces of the 
individual fibres can either be achieved by 
25 separately polishing each fibre or by polishing 
the coherently packed end faces as a whole. If 
the fibres are polished individually, then their 
ends have to be positioned so as to achieve a 
final output aperture which is optically pol- 
30 ished. 

In order to operate the composite laser 
oscillator it is necessary to set up two mirrors, 
one each end of the oscillator cavity. The 
simplest way of doing this is to deposit a 
35 mirror onto the optically polished end faces of 
the coherently packed fibres. Another way of 
utilising the required mirrors is to deposit the 
reflecting surface onto a separate substrate 
which is also optically polished and then press 
40 it against the end surfaces of the fibre faces. 
When all of the laser media are excited 
together, all of the fibres constituting the end 
faces of the composite oscillator emit in a 
phase-locked manner. However, this mode of 
45 operation, particularly when the number of 
fibres used are not large, leads to high non- 
uniformity of the laser output beam. To cure 
this defect it is necessary to modify the spac- 
ing between the various rows of fibres form- 
50 ing the output aperture. This can be achieved 
in the present invention by simply not activat- 
ing various rows of fibres. 

The ability to selectively switch individual 
fibres or groups of fibres allows the invention 
55 not only to have an optimised output beam 
but also provides the means for generating 
high definition images on the output aper- 
tures. For example, if the letter "0" were to 
be formed, then either all of the fibres in the 
60 output aperture corresponding to the letter 
"0" would not be activated whilst all other 
fibres would be activated then a high defini- 
tion "O" is generated. Alternatively, all of the 
optical fibres corresponding to the letter "O" 
65 could be activated and all the others left 



unexcited. To generate a high definition im- 
age on the output aperture of the composite 
oscillator, a computer control of the excitation 
of the laser medium arrays is necessary. If a 

70 full colour presentation is required then each 
of the basic transmitter sites must include 
three fibre transmitters of blue, green and red 
respectively. In this way the invention con- 
verts into a high definition picture transmitter, 

75 capable of projecting a high intensity laser 
beam image. Alternatively, the invention can 
be used as a laser marker either in a divergent 
or convergent beam mode. 

The high definition image generation on the 

80 output aperture of the composite laser oscilla- 
tor results from the high packing densities 
achieved, for example a ten micron diameter 
fibre would provide an array of 
1 ,000 X 1 .000 per cm _ 2 of the output aper- 

85 ture. The input signal to the control computer 
could be from a TV station so that the outout 
of the laser oscillator would be in the form of 
TV images. Since the output beam intensity 
would be relatively high, up to several kilo- 

90 joules, the composite oscillator with computer 
control of the firing sequences of the laser 
medium arrays, would allow for the laser 
marking of any material surface via the burn- 
ing of said TV or other images directly onto 

95 said surfaces. 

The invention can be operated either in the 
continuous or pulsed mode since all of the 
heatable regions of the device, in particular 
the excited laser media, are well spread out 

1 00 and could be cooled if it was necessary to do 
so. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to 

105 achieve a single, scalable laser beam by add- 
ing together a large number of laser beams 
emitted by a coherently packed array of opti- 
cally polished single mode, single polarization 
optical fibres, each of said optical fibres form- 

110 ing part of a laser oscillator in their own right. 
Another object of the invention is to excite a 
fraction of the total number of the single fibre 
laser oscillators, the output ends of which are 
compacted into the coherently packed array 

1 1 5 which forms the output face of the invention, 
such that the distribution of excited and non 
excited fibres forming said output face form 
images on said face, whose definition are 
proportional to the optical fibre densities 

1 20 within said array. 

A further object of the invention is to 
transmit a single laser beam from its output 
aperture such that images formed on said 
aperture are projected onto viewing screens. 

125 A still further object of the invention is to 
switch the individual fibre laser oscillators 
such that the images formed on the composite 
laser output aperture are those transmitted 
from a television transmitting station. 

1 30 Another object of the invention is to spread 
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out the heat loadings in a laser oscillator in 
those portions where the laser excitation takes 
place but to compact those parts with mini- 
mum heat loadings- Another object of the 
5 invention is to extend the length of the indivi* 
dual fibre laser oscillators so that the coher- 
ently packed array bundle can be passed near 
a remote object whose properties have to be 
sensed via their effect on the lasing properties 
10 of the composite oscillator or on the proper- 
ties of individual fibre oscillators forming said 
array. 

Yet another object of the invention is to 
maximise the laser beam output of the compo- 
1 5 site laser oscillator for a given oscillator vol- 
ume. 

The invention allows for the generation of a 
powerful, scalable laser beam from a single 
laser oscillator without the onset of parasitic 
20 oscillations within the laser oscillator cavity in 
a direction other than that along the axis of 
the individual fibres forming the sub-oscilla- 
tors. 

The invention is a composite structure made 
25 up of coherently packed arrays of laser sub- 
oscillators, each sub-oscillator being com- 
posed of a length of single mode, single 
polarisation optical fibre, whose two ends are 
optically polished and having either a dielec- 

30 trie mirror deposited directly onto them or 
pressed up against them, said laser oscilla- 
tions occurring between said mirrors when the 
laser gain medium inserted into said optical 
fibre is excited above lasing threshold, by 

35 direct electrical or optical means. 

By adjusting the excitation of the sub-laser 
oscillators it is possible to adjust the lobe 
structure of the output of the composite aper- 
ture such that a single lobe is achieved. 

40 The invention allows for the production of 
laser beams from a diameter of a laser wave- 
length to many metres in diameter with a 
corresponding power output from a few na- 
nowatts (10" 9 watts) to several megawatts 

45 (10 s watts) in continuous or pulsed modes. 

An advantage of the composite oscillator of 
this invention is that the output surface of the 
composite aperture can be formed into a 
range of configurations by adjusting the posi- 

50 tion of each of the coherently packed, opti- 
cally polished fibre ends forming said array 
relative to each other by a precisely known 
amount. For example, to form a flat output 
aperture, the fibre ends are pulled together so 

55 that their polished ends are all parallel. On the 
other hand, a concave surface can be formed 
by adjusting the said fibre ends appropriately. 
In this way, output beam profiles of different 
configurations can be achieved. 

60 The scalable laser output beam of the in- 
vention is generated by phase-locking the out- 
put of the arrays of laser sub-oscillators form- 
ing the composite output aperture. The best 
phase locking is achieved when the packing 

65 density of the optical fibres of the laser sub- 
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oscillators are greatest. Ideally one should aim 
for a sub-oscillator packing density of 
1 ,000 X 1 ,000 per cm 2 of the output aper- 
ture. Furthermore, to achieve such packing 

70 densities in the optical region it is necessary 
to minimise the thickness of the optical fibre 
cladding. This in turn increases the loss of the 
fibres but this does not matter significantly 
over the short lengths of fibres used in a 

75 typical form of the invention and increases the 
interaction beteen fibres needed for phase 
locking of Jthe outputs. 

BRIEF DESCRIPTION OF THE SEVERAL 
80 VIEWS OF THE DRAWINGS 

A better understanding of the invention will 
be gained from the following description 
taken in conjunction with the accompanying 
drawings. It is emphasised that the ensuing 
85 teachings are exemplary and not limitative of 
the scope of the invention. 
In the drawings: 

Figure 1 is a schematic layout of a preferred 
system for the generation of a laser beam in a 

90 fibre laser sub-oscillator, consisting of a length 
of single mode, single polarisation optical 
fibre into which has been inserted an optically 
excited laser gain medium, the optically pol- 
ished ends of said fibre having a fully reflect- 

95 ing and partially reflecting dielectric mirror 
deposited on them respectively. 

Figure 2 is a schematic layout of a preferred 
system for the generation of a laser beam in a 
fibre laser sub-oscillator, which is electrically 
100 excited, consisting of a length of single mode, 
single polarisation optical fibre with a laser 
gain medium inserted which is electrically 
excited, the ends of said fibres being treated 
as in Fig. 1 . 

105 Figure 3 is a schematic layout of a preferred 
system which generates a scalable, single 
laser oscillator output beam by adding to- 
gether all the phased locked outputs of the 
individual laser sub-oscillators outlined in Fig. 

110 1 or Fig. 2. Here, the laser oscillator mirrors 
may either be deposited directly onto the 
composite fibre surfaces or take the form of 
separate mirrors positioned near to the said 
fibre end faces. 

115 Figure 4 is a schematic layout showing a 
row of fibres connected to a single laser gain 
medium. 

Figure 5 is a schematic layout showing the 
effect of only activating part of the sub-oscilla- 
1 20 tor arrays. 

Figure 6 shows a schematic layout of the 
invention used as a laser sensor with the 
properties of the object to be sensed affecting 
the lasing qualities of the sub-oscillators. 
125 Figure 7 shows a schematic layout of the 
invention used as a flat plate photocopier. 

DETAILED DESCRIPTION 

In the sub-laser oscillator shown in Fig. 1, 
130 numeral 1 indicates a single, single mode. 
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single polarisation optical fibre into which a 
laser gain medium indicated by numeral 2 is 
inserted, which in turn is optically excited via 
photo-emitting diodes indicated by numeral 3. 
5 Dielectic mirrors are deposited directly onto 
the optically polished ends of fibre 1, the 100 
per cent reflecting mirror being indicated by 
numeral 4, whilst the partially transmitting 
mirror deposited on the other end of the 
10 oscillator is indicated by numeral 5. 

Fig. 2 shows the sub-laser oscillator with a 
direct current excited laser gain medium indi- 
cated by numeral 6 inserted into fibre 1 and 
excited via current lead indicated by numeral 
15 7 which in turn is connected to a power 
supply not shown. 

Fig. 3 shows a composite laser oscillator 
made up of sub-laser oscillators of the type 
shown in Fig. 1 and Fig. 2 some of the fibres 
20 1 being shown dotted due to the fact that 

they are all of equal lengths. The output beam 
of the composite oscillator indicated by 
numeral 9. Numeral 8 indicates the power 
supply used to excite photo-emitting diode 
25 array 3 via lead 7. 

Fig. 4 shows a configuration of the inven- 
tion with several optical fibres, indicated by 
numeral 1 0, connected to a single laser gain 
medium 6, said laser gain media 6 then being 
30 stacked upon each other to produce the co- 
herently packed, optically polished end faces 
indicated by numeral 1 1 . Both the laser oscil- 
lator mirrors are now separated from surface 
1 1 , the 1 00 per cent reflecting mirror indi- 
35 cated by numeral 12 whilst the partially 
reflecting mirror, indicated by numeral 13, 
transmits output beam 9. 

Fig. 5 shows the operation of the composite 
laser oscillator of this invention with only 
40 some of the sub-laser oscillators activated. 
The output face of the composite oscillator 
indicated by numeral 1 4 has an unactivated 
region indicated by numeral 1 5, in the form 
of a letter "A" which is then transposed to 
45 the transmitted laser beam. 

Fig. 6 shows the invention used as a re- 
mote sensor with the laser gain media indi- 
cated by numeral 1 6 connected by the optical 
fibre bundle indicated by numeral 17 which 
50 passes through the remote site indicated by 
numeral 18. The output of the composite 
laser oscillator, indicated by numeral 1 9 is 
monitored by optical detector indicated by 
numeral 20 whose output is analysed via 
55 leads indicated by numeral 21 to equipment 
not shown. The properties of remote site 18 
modify the lasing properties of the composite 
oscillator, even if it contains only one fibre 
indicated by numeral 1 . This modification in 
60 the lasing properties of the invention by the 
environment provided at 18, be it electrical, 
magnetic, heat, sound or vibrations is 
reflected in the output laser parameters. By 
checking these modified parameters against 
65 known distortions the properties of the remote 



site 18 can be assessed. 

Fig. 7 shows the invention used indicated 
by numeral 22, being used via the output 
aperture indicated by numeral 23, the selec- 

70 tively neutralised charged paper indicated by 
numeral 24 being passed under face 23 via 
rollers indicated by numeral 25. This process 
can be used to record the images displayed 
on face 23 on paper 24 via the well known 

75 photocopying technique. Photosensitive ma- 
terials can also be used with this configuration 
of the invention for the recording of TV im- 
ages, computer print-outs and photographic 
slides. A particular use of this invention is to 

80 provide a compact laser source in industrial 
work-stations for laser welding, laser cutting, 
laser drilling and laser annealing of metals. 

The invention has uses in therapy lasers, 
intensity TV projector, laser photocopier, laser 

85 surgical systems and any laser based applica- 
tion requiring high intensity laser light from a 
compact source. The invention has uses such 
as laser ranging, laser radar, target designa- 
tors and laser terrain profilers. 

90 It should be noted that the laser gain media 
are switched on and off with a computer to 
match the rate of change and complexity of 
the images. 

Modifications may be made within the 

95 above described subject matter without de- 
parting from the spirit and scope of the inven- 
tion. 

CLAIMS 

1 00 1 . A scalable laser oscillator system con- 
structed by adding together a number of laser 
sub-oscillators composed of a single mode, 
single polarization optical fibre with a laser 
gain medium inserted into each said optical 

105 fibre, said laser gain medium being optically 
excited, and the two ends of said fibre opti- 
cally polished with dielectric mirrors, one of 
which is semi-transparent, deposited on them, 
the semi-transparent mirror emitting the laser 

110 output beam in a single lobe via the phase 

locking of arrays of the sub-laser oscillators to 
form the single beam output laser composite 
oscillator. 

2. A composite laser oscillator as de- 

1 1 5 scribed in claim 1 with the sub-laser oscillator 
laser having a laser gain medium inserted 
which is activated via a flow of electrical 
current. 

3. A composite laser oscillator as de- 
120 scribed in claim 1 where only a portion of the 

total sub-laser oscillators are computer acti- 
vated resulting in areas of the output aperture 
being left unactivated, said unactivated areas 
corresponding to figures or symbols or high 
125 definition pictures. 

4. A composite laser oscillator as claimed 
in claim 3 where the images are formed in the 
reverse order with the background being left 
unactivated. 

1 30 5. A composite laser oscillator as de- 
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scribed in claim 1 where the laser gain me- 
dium is split into two parts separated by a 
long length of optical fibre bundle, part of 
said bundle intersecting a remote site whose 
5 environmental parameters affect the lasing 
properties of said composite laser oscillator, 
the differing properties being detectable and 
relatable to the properties of said remote 
environment. 

10 6. A composite laser oscillator as de- 
scribed in claim 1, where the output aperture 
displays optical images onto a charged or 
photosensitive paper, which is moved relative 
to said output face, said optical images being 

1 5 impressed on said paper. 

7. A composite laser oscillator with rows 
of said optical fibres being connected to indi- 
vidual segments of the laser gain medium. 

8. A composite laser oscillator where the 
20 laser medium is a semi-conductor laser excited 

by an electrical current flow. 

9 . A composite laser oscillator where the 
laser gain medium is neodymium doped fibre 
excited via an array of photo-emitting diodes. 

25 1 0. A composite laser oscillator where the 
laser gain medium is gaseous. 

11. A composite laser oscillator where the 
laser gain medium is crystalline. 
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